One goal of state merit-based financial aid programs is to increase the stock of college-educated labor in the state by retaining college-educated persons in the state after college. However, there has been surprisingly little research on whether state merit aid programs are effective at this goal. This paper investigates the effect of state merit aid programs on the post-college location of 24-30 year olds. We use decennial census and American Community Survey microdata to consider post-college retention effects in the 25 states that implemented merit aid programs between 1991 and 2004. Our preferred specification implies that strong state merit aid programs on average increase the probability that a college attendee lives in his or her birth state during ages 24-30 by 2.76 percentage points. We also estimate the effect for individual states and find meaningful differences across states in the effect of merit aid programs on in-state post-college retention and explore explanations for these differences.
Introduction
Since the early 1990s new merit-based student financial aid programs have been created in more than two dozen states. These programs award college scholarships to in-state students who meet a merit requirement based on high school GPA and sometimes SAT/ACT score.
Several studies have investigated the effects of merit aid programs on education outcomes such as the probability that a high school student will attend college and the percentage of students who stay in-state to go to college; see Dynarski (2000 Dynarski ( , 2002 Dynarski ( , 2004 Dynarski ( , 2008 and Cornwell, Mustard, and Sridhar (2006) . But there also appears to be a desire for merit aid programs to increase the quality of the workforce, in part by retaining recent college attendees in the state after they complete their college education (Groen 2011) . If merit aid scholars leave the state upon completing their undergraduate studies, the state's return on its expenditure is reduced; higher educated workers pay more in taxes and impose less cost on the public sector for services (Trostel 2010) , and attracting skilled workers may result in higher economic growth rates (Glaeser and Saiz 2004; Moretti 2004; Florida et al. 2008 ), lower unemployment rates (Winters 2013 ) and perhaps a better quality of life (Shapiro 2006; Winters 2011a) . 1 Despite this interest in post-college retention of merit aid students, there has been little research conducted on the subject. This paper attempts to help fill this gap by exploring the effect of merit-based aid on post-college in-state retention using data from the 25 states that adopted merit aid programs between 1991 and 2004.
Studies of the location decisions of college graduates such as Perry (2001) find that students are more likely to live in the state in which they attend college. One explanation is that students may develop location-specific networks with friends and employers while in college and these may make them more likely to stay in the area after college.
2 However, students may choose to go to college in the state where they expect or hope to reside after completing college.
Thus, measuring the effect of attending college in an area on a student's post-college residence requires controlling for this potential endogeneity. Groen (2004) controls for endogeneity of college decisions and finds that there is a modest magnitude causal effect of attending college in a state on the likelihood of living in that state after graduation. However, he does not examine the effects of state merit aid programs on post-college retention.
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Merit aid programs likely increase the probability that a student goes to college in-state rather than out-of-state (Dynarski 2004; Cornwell et al. 2006; Orsuwan and Heck 2009; Zhang and Ness 2010) . The hope is that encouraging students to stay in-state for college will also encourage them to stay in-state after college as they begin their careers. However, it is possible that a student who attends college in-state because of a merit-based scholarship program might be almost or even just as likely to live out-of-state after college as she would have been had she gone to college out-of-state. Additionally, many students would have gone to college in-state even in the absence of a merit aid program, and for them there is no obvious link between being given a merit aid scholarship and living in-state post college. Thus, whether a merit aid program can increase the stock of college educated workers in a state by affecting post-college location decisions is ultimately an empirical question.
To the best of our knowledge Hickman (2009) , Sjoquist and Winters (2013) , and Hawley and Rork (2013) are the only published papers that address the effect of a merit-based 2 Winters (2011b) suggests that the widely documented correlation between local human capital levels and future population growth of U.S. metropolitan areas is largely driven by recent college attendees staying in the area where they attended college. 3 Malamud and Wozniak (2012) examine the effects of college attendance in any state on the probability of outmigration from one's native state, instrumenting for college attendance using variation in the risk of induction through the military draft during the Vietnam War. They find causal evidence that college education increases outmigration, but their study does not focus on the effects of where the education was received.
scholarship program on post-college retention. 4 Hickman (2009) difference-in-differences model, comparing individuals with no college to those with at least some college, both pre-and post-merit aid program adoption. Thus, he includes both the treatment dummy and its interaction with a dummy measuring whether the individual has any post-secondary education. The coefficient on the treatment dummy is not statistically significant, but the coefficient on the interaction term is. He finds that the Florida scholarship program increased the probability that a 23 to 27 year old with some college located in Florida by 3.4 percentage points. Sjoquist and Winters (2013) use student administrative records from the University System of Georgia (USG) matched with employment records from the Georgia Department of Labor to explore the effect of Georgia's HOPE Scholarship program on post-college retention of 4 In a recent working paper, Fitzpatrick and Jones (2012) investigate the effect of merit aid on post-college migration, as well as on educational attainment. They employ an approach that is similar to ours and find that merit aid increases the probability of living in one's state of birth by one percentage point for their sample that includes non-college attendees. There are important differences between their paper and the current paper, such as: we examine the set of 25 states with merit aid while Fitzpatrick and Jones use 15; we distinguish between strong and weak merit aid programs but Fitzpatrick and Jones do not; we provide estimates by state-of-birth, Fitzpatrick and Jones do not; both papers provide estimates unconditioned on education but our main estimates focus on college attendees; we address measurement error in exposure due to not graduating at age 18 and going to high school in a non-birth state, Fitzpatrick and Jones do not.
USG students in the Georgia workforce. They measure post-college retention by whether a student is employed in Georgia X years after first enrolling in college, where X varies from 4 to 12 years. They find that HOPE reduced the percentage of high ability students in the USG who are employed in Georgia several years after college, but there was no meaningful difference for low ability students. They interpret this to suggest that HOPE kept many high quality students in-state for college but many of these students left the state after college. Sjoquist and Winters (2013) also conduct a secondary analysis that uses census and ACS data for Georgia similar to Hickman's (2009) analysis for Florida. They find small and statistically insignificant effects for Georgia.
Hawley and Rork (2013) estimate the effect of merit aid programs on out-migration of college-educated adults. They use microdata from the decennial census to calculate five-year out-migration rates for each state for 1980, 1990, and 2000 and use the ACS to calculate oneyear out-migration rates for each state for 2005-2009 which they combine into one migration rate to approximate the 5-year migration flow. They consider the migration rate for five groups: the entire population, the entire college educated population, and the college educated population aged 22-25, 22-34 and 35-65 . Since a merit aid program could have been adopted during the five year migration period, they define merit exposure using "windows" based on time elapsed since the program was adopted. They find that younger adults are more likely to migrate from states with a merit aid program while older adults are less likely, resulting in no net effect of a merit aid program on the state out-migration rate. 5 5 Our research is related to that of Hawley and Rork (2013) , but there are several important differences. First, they focus on the recent flow of college educated persons while we focus on the probability of college-educated persons residing in their state of birth. Second, their analysis is complicated by having to combine five-year migration rates in the census with one-year migration rates in the ACS. Our retention variable is defined the same throughout our sample period. Third, they use all 21 merit aid programs that they identified regardless of how extensive the programs are, while our analysis focuses on 9 states with "strong" merit programs, although not exclusively. Fourth, we use annual data and allow for yearly variations in the merit variable, while Hawley and Rork use "windows" to Hickman considers only one state, but 25 states adopted merit-based financial aid programs between 1991 and 2004 (see Table 1 ). In this paper we follow Hickman's basic approach but expand the analysis to all states with a merit aid program and include non-merit states in the comparison group. We seek to address whether the positive effects on post-college retention found by Hickman are unique to Florida or if they generalize to other merit-adopting states. This is an important question with implications for both researchers and policymakers.
Merit aid programs differ in many ways, including the size of the award and the number of students who are awarded scholarships. We identified 9 programs as being much more significant; we classify these as "strong" merit aid programs. The last two columns of Table 1 contain the percent of enrolled students receiving a merit award and size of the merit award per recipient for 2009-2010. As can be seen, the 9 programs have significantly larger participation rates and larger average awards. The classification for three states perhaps needs some explanation. West Virginia was included as a strong merit aid state because it has a very high average award, despite a somewhat lower participation rate. California has the highest average award among the weak merit aid states, but is not classified as a strong merit aid state because its participation rate is very low. In addition, California has a low minimum GPA for eligibility and an income limit. Mississippi has a relatively high participation rate, but has a very low average award, and thus is classified as a weak merit aid state. Therefore, we examine the effects of the 16 weaker merit aid programs but focus on the 9 stronger programs.
Our baseline estimates suggest that strong state merit aid programs on average increase the probability that a college educated person resides in their state of birth after college by 2.76 account for merit aid programs that could have been adopted part way through the five-year period over which migration is measured. Finally, their treatment is whether the merit aid program existed during the period of migration, not whether the individual was eligible for merit aid. We compare individuals who were potentially eligible for merit aid to those who were not. So while our results could be similar to theirs, it would not be surprising if the results differed.
percentage points. However, our results suggest that there are heterogeneous effects across states even among those with strong merit aid program. Furthermore, the effects for the weak merit aid states are on average much smaller.
The rest of the paper proceeds as follows. In the next section we describe the data we use and our empirical approach. Section 3 presents our results. Section 4 contains a summary and some concluding remarks.
Empirical Framework

Data
We use public use microdata samples ( We also include two additional state of birth control variables measured only at age 18.
We include the log of the cohort size to reflect the extent of peer competition. Larger cohorts create greater competition for both higher education and jobs and may encourage more of the cohort to leave their native state in search of better opportunities. Finally, we include a control for the percentage of an individual's age cohort at age 18 that is foreign born to allow foreign born competition to have a differing effect than native born competition reflected in the cohort size variable. Importantly, both cohort size and the percentage of a cohort that is foreign born are potentially affected by college and post-college location decisions, so we do not measure these variables after age 18.
Research Design
We follow a treatment and control research design. and some attend high school outside their state of birth, our merit dummy variable will have some measurement error. We address measurement error due to mis-assigning individuals to treatment and control groups in more detail later.
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Our preferred specification for assessing the effects of state merit scholarship programs on post-college retention is to compare the 9 states with strong merit aid programs to states with no merit program. The 16 weak program states receive only a "partial treatment" compared to 7 These merit programs were initially targeted to recent high school graduates, but some programs did eventually allow non-traditional students to qualify if they met certain criteria. This creates an additional source of measurement error in our merit variable because some individuals in the pre-merit cohorts may have actually received merit aid. We believe the extent of measurement error from eligibility for non-traditional students is small, but it could further attenuate coefficient estimates toward zero. We estimate a linear probability model (LPM) as follows:
Where equals one if individual born in birth cohort lives in her state of birth in year , includes state of birth fixed effects, includes region-specific year of birth cohort fixed effects, includes dummy variables for individual characteristics including sex, race, Hispanic origin, and age, includes the state of birth control variables discussed previously 8 , and is an indicator variable equal to one if the individual was exposed to a state merit program and zero otherwise. The state of birth and birth cohort fixed effects allow the model to be interpreted as a difference-in-differences model identified by differences across birth states (within the same region) and across birth cohorts within birth states. 9 Thus, our analysis is essentially based on comparing the differences in the pre-and post-merit means in the treatment states with the differences in means in the comparison states at the same time. The key identifying assumption is that the time series for the comparison states provides an accurate counterfactual for what would have occurred in the treatment states had they not adopted merit aid. The models are estimated via Ordinary Least Squares (OLS) but results are robust to using probit or logit. Summary statistics for the individual level variables are reported in Table 2 separately for strong merit, weak merit, and non-merit birth states. Appendix Table A provides state means for a few migration and education outcomes from the 1990 census to give an idea about what each state looked like before the spread of merit aid.
Empirical Results
Basic Results
The first column of Table 3 by replacing the region-specific birth year dummies with a common set of birth year dummies.
The fourth column alters the first column by including weak merit states in the South and West 10 We only report the coefficient on the merit aid dummy variable; full regression results are available from the authors.
in the control group. The fifth column assigns weak merit states to the treatment group and excludes strong merit states from the analysis; weak merit states are located in all four census regions, so the last column includes the 16 weak merit states and all 25 non-merit states.
The baseline specification (column 1) yields a coefficient of 0.0276 that is statistically significant at the 1% level based on standard errors clustered by state. Given that 64 percent of our sample lives in their birth state during ages 24-30, an increase of 2.76 percentage points is not incredibly large, but it is certainly non-trivial. The coefficient in column 2 increases slightly to 0.0286, but as expected the difference is small. The coefficient is slightly reduced to 0.0251 in column 3 and to 0.0225 in column 4, but there are important reasons discussed above why these are not the preferred specification; still, it is useful to know that these modifications do not substantially alter the merit coefficient. 11 The fifth column, which reports the effect of weak merit aid programs, does produce fundamentally different results. The weak merit coefficient is only 0.0059 and is not statistically significant. This confirms our earlier expectation that strong and weak merit aid programs have very different effects and should be considered separately.
Considering Selection Effects and Alternative Samples
One potential concern is that the state merit aid programs could affect the variables that we use to define our main sample and cause the pre-and post-policy composition of our sample to differ. In particular, one might be concerned that merit aid could affect the percentage of individuals who attend college. If merit aid increases attendance and the induced attendees have 11 One potential concern with the analysis is that clustered standard errors could be downwardly biased because we use a relatively small number of treatment and control states (Bertrand et al. 2004; Donald and Lang 2007; Cameron et al. 2008 ). Conley and Taber (2012) suggest an alternative inference procedure for policy analyses based on the distribution of residuals across states that performs better than clustered standard errors when there are very few policy states. Our ability to use their procedure is complicated by our use of region-specific comparison groups. However, we estimated a modified version of their procedure for the specifications in Table 3 and found that the first four columns were statistically significant, while the fifth was not. We interpret this to suggest that the clustered standard errors in Table 3 are reasonably accurate.
unobserved characteristics that systematically differ from those who would have attended college either way, then the post-policy treatment group will differ from the pre-policy control group due to selection on unobservables. If the unobservables are correlated with the outcome variable, a simple analysis that ignores selection issues could produce biased results of the effects of merit aid on post-college retention.
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Our analysis and that in previous work confirm that selection is not a problem. First, Sjoquist and Winters (2012) conduct a similar analysis of college attainment and find that merit aid has no meaningful effect on the likelihood that an individual ever attends college. 13 To consider selection effects more thoroughly, we also examined the effects of merit aid on our sample exclusion criteria individually and jointly in results not shown but available by request.
The results are very consistent; merit aid has a small and statistically insignificant effect on each of the selection criteria. These results imply that our selection criteria do not affect the pre-and post-policy composition of our main sample.
We also explore how merit aid affects the probability of living in one's state of birth for alternative samples. Consider the "full sample" that includes both our main sample and the sample of excluded individuals ages 24-30. The first column of Table 4 examines the effect on the "full sample" and the second considers the effect on the sample of individuals excluded from the main sample; both are otherwise similar to the baseline specification. The "full sample" coefficient is 0.0142 and statistically significant at the 10% level, and the excluded sample coefficient is 0.0041 and not statistically significant. As expected, the results for our excluded sample strongly differ from those of our main sample; merit aid does not affect the location decisions of those that we exclude. Combining the main and excluded samples gives a coefficient estimate for the "full sample" that is roughly half as large as that for our main sample.
Our interest is in the effects of merit aid on post-college retention, and we believe that our exclusion criteria are warranted and justified.
We also consider whether the effects of merit aid on post-college retention differ between college attendees leaving school without a bachelor's degree and those who complete a bachelor's degree. The third and fourth columns of Table 4 examine the effects of merit aid on post-college retention for these two subsamples of our main sample. The coefficient estimates have very similar magnitudes of 0.0279 and 0.0255, respectively, and both are statistically significant. Thus, there is not much difference in the retention effects for college graduates and non-graduate attendees.
Accounting for Measurement Error in Merit Exposure
We next try to account for measurement error in our merit exposure variable. We previously assumed that a person was exposed to a state merit aid program if he or she was born in a merit aid state and reached age 18 after the merit program was implemented in the state. We assigned persons who were age 18 or younger when the merit program in their state of birth began to the treatment group and assigned persons who were age 19 or older when the program began to the control group. Age 18 was chosen as the cutoff because it is the age at which a typical student graduates high school, but not everyone graduates high school at 18. Many graduate at younger or older ages, so our merit program treatment variable will be measured with error for some persons graduating high school at an age other than 18 and around the time a merit program was implemented in their state. Furthermore, some persons leave their birth state before graduating high school and attend high school in a different state, but we do not observe where they attended high school.
We first account for measurement error in merit exposure resulting from students finishing high school before or after age 18. In column 1 of Table 5 individuals ages 18 or 19 when the merit program was implemented in their birth state are excluded from the analysis since these "marginal" birth cohorts are the ones for which merit exposure is most likely to be measured with error. Results (not shown) that also exclude persons who were ages 17 or 20 are similar. The coefficient estimate in column 1 of Table 5 is 0.0308, which is slightly larger than the coefficient of 0.0276 for the baseline specification (column 1 of Table 3 ).
We next account for measurement error in our merit variable that results from students going to high school outside their birth state. We use a procedure similar to one suggested by Dynarski (2008) that measures merit exposure using the predicted probability of attending high school in one's birth state. For each state we compute the predicted probability of living in one's birth state for 15-17 year olds in the 1990 Census (reported in the first numerical column in Appendix Table A ). The predicted probabilities are then multiplied by the merit dummy variable to predict the probability of being exposed to the state's merit aid program. We then estimate our LPM equation for our sample of 24-30 year olds but replacing the merit dummy variable with the predicted merit variable. The second column of Table 5 reports the results. The coefficient estimate increases to 0.0349.
Column 3 of Table 5 accounts for measurement error in merit exposure combining the procedures adopted in the first two columns. Column 3 uses the predicted merit variable in column 2 and excludes individuals ages 18 or 19 when a merit program was implemented in their state of birth. The coefficient is now 0.0390. Accounting for measurement error, therefore, increases the merit coefficient somewhat. Though the adjusted estimate is not statistically significantly different from the baseline coefficient estimate, this measurement error exercise suggests that the actual effect of merit aid on post-college retention is likely larger than that in the baseline specification.
Differing Effects by Time from Policy Adoption
We next follow an approach similar to an event-style analysis, but instead of using single years, 14 we combine years before and after merit aid adoption into six groups: 1-4 years before adoption, 5-8 years before adoption, 9 or more years before adoption, 1-4 years after adoption, 5-8 years after adoption, and 9 or more years after adoption. We then interact each of these time periods with a dummy equal to one if the state ever adopted a strong merit program but excluding the period 1-4 years before adoption to make it the omitted based group. This analysis serves two main purposes. First, it allows us to examine whether the merit effects differ by the number of years since the policy was adopted. For example, the effects of merit aid on postcollege retention might increase or decrease over time after the policy is adopted as students learn more about the program and alter their behavior in response. Second, this approach allows us to directly look for pre-policy trends. The results of this analysis are in Table 6 .
We see that the coefficients for the post-policy year groups are fairly consistent at 0.0285, 0.0294, and 0.0257, respectively, suggesting that the effect of merit aid on post-college retention does not depend on the number of years since policy adoption. Importantly, we also find that the coefficients for the pre-policy year groups are small and not statistically significant. This confirms that pre-policy trends are relatively unimportant. One can also use this analysis to 14 We also examined effects by single year but these were noisier and more difficult to interpret. conduct a placebo test by pretending as if the merit programs were actually adopted four years earlier and comparing the differences between the 1-4 years before the policy to the 5-8 years before the policy. Since there was no merit aid during the pre-policy years, we should see no meaningful difference, which is exactly what we find with the small and statistically insignificant coefficient for 5-8 years before the policy. Table 7 , which shows that there is meaningful variation in coefficient estimates, both within and across the strong and the weak merit states. The effects are statistically significant using clustered standard errors for only 11 of the 25 states. The coefficient for Florida is 0.0456, which is slightly larger than the preferred estimate of 0.0339 in Hickman (2009) , no doubt due to the fact that we use a different research design and include 15 In results not shown, we also experimented with placebo tests three, four, five, and six years before the actual policy and found no significant placebo effect. 16 A related issue we considered is whether the effects differ by age. In particular, merit aid might keep some people in their native state during their early post-college years, but they could end up moving from the state as they age; merit aid might delay migration without actually stopping it. We estimated separate effects by age for persons ages 22-31 by interacting age dummies with the merit dummy. In results not presented, but available by request, we find that the coefficients are fairly consistent across ages 22-27. However, for ages 28-31 the coefficients show no pattern and are generally statistically insignificant, although they are meaningfully smaller for ages 30 and 31. However, the number of exposed states and cohorts is significantly smaller for older ages, so we cannot be very confident that the effects do indeed attenuate with age. As cohorts age and more data become available, future research should revisit this issue. 17 We also estimate separate regressions for each merit state in results not shown. The resulting merit coefficients are similar to those reported in Table 7 ; the simple correlation coefficient between the two sets of coefficients is 0.96. We also estimate joint regressions that include the measurement error adjustments in Table 5 ; the correlation between these and the estimates in Michigan is another notable exception with a moderately large negative coefficient.
There are several possible explanations for the interstate differences in the measured effect of merit-based student aid on post-college in-state retention found in Table 7 . We discuss these explanations below, and where possible provide empirical evidence. Some of the potential explanations are more statistical/econometric in nature, while others focus more on differential behavioral responses.
First, while the sample size of our data is very large the PUMS is still a random sample, and thus the interstate differences in the coefficients could be partially due to sampling error.
However, we believe this is likely to explain only a small portion of the differences. Many of the coefficients are relatively large while others are relatively small, and these differences are often statistically significant. Below we find evidence of systematic differences due to observable factors, which we would not expect to find if differences were just from sampling error. Second, it is always possible that states that adopt merit aid programs contemporaneously adopt other policies that affect the in-state retention rate. And, if there are variations across states in the policies that are adopted, the measured effect of the adoption of merit aid programs could differ. For example, the adoption of a merit aid program could have come at the expense of a reduction in the state's need-based aid program (Long 2004; Steele 2007) . Or universities could have expanded their job placement efforts that might have increased the probability that 18 In results not shown, we also replicated Hickman's (2009) basic results for Florida using his approach. students would remain in-state post-college. Or, some states might have added programs that made the states' colleges more attractive to merit aid eligible students, and thus increasing the percentage that remained in-state for college. Given that going to college in a state increases the probably of living in the state post-college (Groen 2004) , such policies could affect the postcollege retention rate. Our search of the literature did not reveal an analysis of other policies that might affect post-college in-state retention, and we were not able to identify such policies.
Bivariate Correlations with State-Level Factors
We turn now to the more behavioral factors, and note that we are attempting to explain why merit aid programs have differential effects on in-state post-college retention across states, and not just why retention differs across states in general. In the regressions reported above we control for individual characteristics and state economic conditions, and include state of birth dummies, which control for time-invariant state characteristics. Thus, we seek other possible explanations for the differences in the coefficients. The existing literature is generally silent regarding the mechanisms through which merit-based aid might affect post-college retention, so we considered a number of different state-level variables that might help explain the differences.
We first compute correlation coefficients between the state-specific merit aid coefficients in Table 7 and various state characteristics, with the bivariate correlation coefficients being reported in column 1 of Table 8 . 19 Then in the next subsection we present a simple multivariate analysis. Because South Dakota is such an outlier, we exclude it from both analyses; results including South Dakota are available by request.
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We first consider the possibility that the effect of a merit aid program on the retention rate depends on the pre-merit aid retention rate; for example, if a state has a very high pre-merit aid retention rate, merit aid might have a very small effect on the retention rate because there is less opportunity for the retention rate to increase. To explore this we calculated the correlation between the coefficients in Table 7 and the post-college retention rate in 1990 reported in the second numerical column in Appendix Table A . The correlation coefficient is -0.513, confirming that states with lower initial retention rates experienced much larger increases in retention due to merit aid.
Another possible linkage is through the effect of merit-based aid on in-state college enrollment, in particular, that as a result of merit-aid programs some students who would have gone to college out-of-state decide to stay in-state for college. Since there is a high probability of remaining in the state in which one goes to college, this could increase the percentage of individuals who live in their birth state post college. To the extent that the effect of merit aid on in-state college enrollment differs across states, the measured effect of merit aid on post-college retention could also differ. 21 We used enrollment data from the Integrated Postsecondary Education Data System (IPEDS) to compute for each merit aid state the effect of merit aid on the percentage of college attendees from the state enrolling in-state for college; this was done using a regression framework similar to that in Table 7 except that we only observe a given cohort at the initial point of enrollment and therefore only use the state control variables observed at age 18.
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We then correlated the IPEDS in-state enrollment coefficients with the post-college retention coefficients in Table 7 and obtained a correlation coefficient of 0.187. The expectation is that if 21 Both Pallais (2009) and Bruce and Carruthers (2013) find that Tennessee's HOPE Scholarship had no effect on instate enrollment, in contrast to findings for other states. We find no effect of Tennessee's HOPE on post-college retention in the state, which is consistent with the premise that change in enrollment affects the level of retention. 22 These results are available from the authors by request.
merit aid keeps more college attendees in the state for college it would lead to more college attendees living in the state after college. The positive correlation is consistent with this view, but the magnitude of the correlation is fairly moderate, consistent with previous literature that finds that the production and stock of college-educated persons in an area are only modestly correlated (Bound et al. 2004; Abel and Deitz 2012) .
A related issue is whether the effect of merit aid on post-college retention in a state depends on the effect of merit aid on college completion in the state. Sjoquist and Winters (2012) find that merit aid on average has a small insignificant effect on college completion but they report possible differences in the effects across states. Increased education has been shown to increase out-migration (Malamud and Wozniak 2012) , so merit-induced increased degree completion might be expected to decrease post-college retention. However, if merit aid increases degree completion by increasing education in one's home state, then the effects could be positive because getting an education in one's home state decreases out-migration (Groen 2004) . The correlation between the retention coefficients in Table 7 and the degree completion coefficients in Sjoquist and Winters (2012) is 0.181, suggesting that college completion due to merit aid may have a small positive effect on the effect of merit aid on retention. However, this correlation is very moderate and the average effect of merit aid on degree completion in Sjoquist and Winters (2012) is small, so we cannot draw strong inferences.
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We next consider the effects of the main features of the merit aid programs. For starters, our earlier results in Table 3 suggest that the average effect of merit aid on post-college retention is larger for programs that we classify as strong than for those that we classify as weak. The unweighted average of the Table 7 coefficients is 0.0178 for strong merit programs and 0.0105
23 Sjoquist and Winters (2012) also compute state-specific coefficients for the effect of merit aid on having attended any college. The correlation between those coefficients and the retention coefficients in Table 9 is -0.019.
for weak merit programs, excluding South Dakota. Thus, the effect is still larger for strong merit programs but the difference is not as pronounced as in Table 3 . 24 More generally, the effects of merit-aid programs could depend on the criteria that we used to define merit programs as strong or weak, namely, aid per student and the percentage of college students who receive aid. We expect that more significant programs would lead to larger effects on retention. The correlation coefficient between the Table 7 coefficients and aid per student is only 0.090, but the correlation with recipients per student is 0.206, again providing modest support for the hypothesis that larger programs have a greater effect on post-college retention. The correlation between the retention coefficient and a dummy variable equal to one for strong merit aid states and zero otherwise is 0.166.
It is also possible that the effect of merit aid on post-college retention could differ between earlier and later adopting merit aid states. For example, first movers might experience larger effects from greater publicity surrounding the introduction of the program. To explore the effect of the timing of adoption, we calculated the correlation between the Table 7 coefficients and the year the merit program was adopted. The coefficient was -0.093, which may weakly suggest that more recently adopted merit aid programs have smaller effects on retention rates; the small effect is consistent with results in Table 6 .
The effect of merit aid on post-college retention could depend on the quality of the state's colleges (and universities), and in particular, through the effect of college quality on the decision to go to college in-state or out-of-state. Higher quality colleges may result in fewer students going to college out-of-state in the absence of merit aid, so the number of students who could switch from out-of-state to in-state due to merit aid would be smaller. On the other hand, states with less selective flagship institutions may be better able to increase post-college retention via merit aid because they are better able to accommodate more moderate quality students who in the absence of merit aid would have gone to college out-of-state. However, lower quality colleges might also make it less attractive to switch from going to college out-of-state to going in-state due to merit aid, which would reduce the effects of merit aid on retention. We use three admittedly crude measures of the quality of a state's public colleges: the Peterson's ranking of the highest ranked public college in the state, the percent of students in the state's top ranked college scoring 700 or higher on the SAT math exam, and the percent scoring 700 or higher on the SAT reading exam. Interestingly, higher quality colleges are correlated with smaller effects of merit aid on post-college retention. The correlation with the Peterson's ranking was 0.254, 25 and the correlations with the two SAT score measures were -0.311 and -0.329, respectively, implying that increased college quality reduces the effect of merit aid on post-college retention.
However, the correlation between these three measures of college quality and the 1990 retention rate are -0.87, 0.71, and 0.64, respectively, so the observed correlation between college quality and the Table 7 coefficients could be driven by their strong mutual correlation with the 1990 post-college retention rate, and thus one must be careful in drawing conclusions about the effects of college quality.
The effects of merit aid on retention could also depend on the structure of higher education institutions in a state. We next used IPEDS and state population data to compute for each state the number of public institutions per capita, the number of 4-year public institutions per capita, and the percentage of undergraduates in public institutions that are enrolled in 4-year schools. The correlations between these variables and the Table 7 coefficients are 0.281, 0.324, and 0.341, respectively. These correlations suggest that having a high density of institutions and 25 Note that the top college is ranked first so that a larger ranking number indicates a lower quality college.
especially a high density of 4-year institutions might make a state's higher education system more desirable and increase the effects of merit aid on post-college retention.
Higher income households may be less responsive to the price of higher education and less responsive to financial aid. To test this we obtain median family income in 1989 for each state. The correlation between it and the Table 7 coefficients is -0.080, which is small, but the sign is consistent with the hypothesis that higher income households are less responsive to financial aid. The Table 7 coefficients are also negatively correlated with the state population in 1990 (-0.213) and the percent of the population that is urban (-0.169), but the correlations are not especially strong.
Finally, the effects of merit aid on post-college in-state retention could be affected by the quality of life in a state. For example, a high quality of life might make students less likely to leave the state for college, and thus there would be fewer students to entice to stay with merit aid.
Alternatively, states with nicer location-specific amenities may be able to better leverage merit aid to keep recent college attendees in the state post-college. Merit aid may entice some students to stay in-state for college, but a poor quality of life could quickly drive them out of the state after college. However, individuals are likely more reluctant to leave states with amenities that they highly value. Keeping young people in-state for college may translate into keeping them instate after college if the state offers desirable amenities and staying in-state for college strengthens an individual's preferences for the state's amenities. It seems reasonable that most new high school graduates have had limited opportunity and freedom to explore their home state's quality of life and thus may not fully appreciate it. Going to college gives them greater freedom and staying in-state for college increases their exposure to the state's amenities, which if desirable, could increase their appreciation for them and attachment to the state. We calculate the correlation between our Table 7 coefficients and the 1990 state quality of life rankings reported in Table 3 of Gabriel, Mattey and Wascher (2003) . The correlation coefficient is -0.429, which suggests that a better quality of life increases the effects of merit aid on postcollege retention (since a smaller number indicates a higher ranking and better quality of life). 
Partial Correlation Analysis of State-Level Factors
We next extend the bivariate correlation analysis in the previous sub-section to a multivariate framework, estimating partial correlation coefficients for the coefficients in Table 7 and multiple state-level factors simultaneously. in Table 8 ) would have too few degrees of freedom and likely suffer from a high degree of multicollinearity since many of the variables listed in Table 8 are highly correlated, which would hinder our ability to interpret the results. In the previous subsection we posited several possible explanations for the inter-state differences in the retention coefficients, but we do not have a theoretical model that would tell us which variables to include in the multivariate analysis. Thus, we use empirical criteria to narrow the variables to be included, but with the objective of identifying variables that are reflective of the more significant factors discussed in the previous 26 We note that there are many quality of life rankings and they often differ significantly. So, it would be very possible to find a ranking that yielded a much different correlation coefficient. For example, using the ranking of metropolitan areas by Albouy (2012) to infer state rankings yields a correlation coefficient of -0.112. 27 We estimate partial correlation coefficients rather than regression coefficients since the latter are hard to interpret given that the explanatory variables are scaled very differently and to facilitate comparison with the bivariate correlation analysis.
subsection and at the same time excluding redundant variables. However, this approach may not yield the true model, so the results should be interpreted with some caution.
For several of the factors we have alternative variables to measure the factor. We first select one variable for each factor, and thus eliminate 5 variables that are redundant. We select the variable that we think is the best measure of the factor among the alternatives. Column 2 of Table 8 presents the partial correlation coefficients for the 12 remaining variables. Next we exclude the four variables with partial correlation coefficients smaller than 0.2; the resulting partial correlation coefficients for the remaining 8 variables are shown in column 3 of Table 8 .
Finally, we drop the three variables from column 3 with the smallest partial correlation coefficients in column 3, leaving 5 variables, for which the correlation coefficients are reported in column 4 of Table 8 .
As the number of variables included is reduced, the magnitude of the partial correlation coefficients change a little and more partial correlation coefficients become statistically significant, which is not unexpected given the correlations between the explanatory variables.
Thus, we focus the discussion on the results in column 4 of Table 8 .
Three of the variables' correlation coefficients are consistent with the bivariate analysis.
The 1990 pre-merit aid post-college retention rate has a statistically significant negative effect with a partial correlation coefficient of -0.677. The Gabriel et al. (2003) quality of life ranking (with higher values indicating lower quality) has a coefficient of -0.393 that is significant at the ten percent level, which again suggests that better amenities make a state more attractive and increase the positive effect of merit aid programs on post-college retention in the state. The strong merit dummy has a coefficient of 0.295 that is marginally insignificant at conventional levels but certainly consistent with expectations that strong merit aid programs have stronger effects on post-college retention.
Two of the five variables in column 4 of Table 8 have effects that contradict the bivariate analysis. First, the percent of the population that was urban in 1990 has a positive partial correlation coefficient that is not quite statistically significant; the expected effect is largely ambiguous and it is not very surprising to see its sign differ from the bivariate analysis. Second, and more importantly, the college quality measure based on the top ranked college according to
Peterson's is significantly negative with a coefficient of -0.582. Recall that a larger ranking number implies lower quality, so this implies that for states with higher quality colleges merit aid increases post-college retention in the state.
Conclusion
One of the goals of state merit-based financial aid programs is to increase the stock of college-educated labor in the state. However, there has been surprisingly little research on whether state merit aid programs are effective at keeping college-educated persons in the state.
This paper examines the effects of state merit aid programs on post-college location decisions for 25 states implementing merit aid programs between 1991 and 2004. Specifically, we investigate whether exposure to state merit aid programs affected whether a person resides in their state of birth during ages 24-30. Some of these states adopted much more significant merit aid programs than others and our preferred specification excludes states adopting weak merit aid programs from the analysis. We also estimate separate effects for each merit aid state.
We find that exposure to merit aid programs on average increases in-state post-college retention. Our baseline specification yields a coefficient of 0.0276, which suggests that strong state merit aid programs increase the probability that a college attendee lives in his or her birth state during ages 24-30 by 2.8 percentage points. Procedures that account for measurement error suggest that the effect could be as large as 3.9 percentage points. While the magnitude is not incredibly large, it is certainly not trivial. Increasing the stock of college-educated workers in a state, even by a few percentage points, can have important benefits for a state, and supporters of merit programs should be pleased to know that strong merit aid programs do appear to have a meaningfully positive effect on in-state post-college retention.
However, there is an important caveat. We find meaningful differences in the effects of merit aid programs across states, both across and within states with strong and with weak merit programs. Florida, New Mexico, West Virginia, Alaska, Maryland, and Idaho experience relatively large effects, while other states experience smaller effects or even no effect on postcollege retention. We examine the differences in the state-specific coefficients and offer some important insights into why the effectiveness might differ across states. For one, the largest merit-induced increase in post-college retention occurred in states with initially low retention rates. These states had the most opportunity to reduce the percentage of college attendees leaving the state and merit aid programs were an effective tool to do so. However, we also find that using merit programs to keep more students in-state for college does not necessarily translate into increased post-college retention. Merit programs might keep students in-state for college, but something else is needed to keep them in the state after college. We find evidence that having a desirable quality of life in a state is positively correlated with the ability of merit programs to increase in-state post-college retention. Thus merit aid alone is not very effective at keeping college-educated persons in the state post-college, but combining merit aid with amenities that make a state desirable to live in can be effective at increasing post-college retention. The main sample includes only persons who have attended at least some college. Individual controls include dummy variables for state of birth, year of birth, survey year, age, sex, race, and Hispanic origin. State controls include the unemployment rate, the college wage premium, and the percentage of white collar jobs measured at several points in time and the log cohort size and the percent of the cohort foreign born at age 18. Standard errors in parentheses are clustered by state of birth. **Significant at 5% based on standard errors clustered by state of birth; ***Significant at 1%. The main sample includes only persons who have attended at least some college. Individual controls include dummy variables for state of birth, year of birth, survey year, age, sex, race, and Hispanic origin. State controls include the unemployment rate, the college wage premium, and the percentage of white collar jobs measured at several points in time and the log cohort size and the percent of the cohort foreign born at age 18. Standard errors in parentheses are clustered by state of birth. *Significant at 10% based on standard errors clustered by state of birth; **Significant at 5%; ***Significant at 1%. The main sample includes only persons who have attended at least some college. Individual controls include dummy variables for state of birth, year of birth, survey year, age, sex, race, and Hispanic origin. State controls include the unemployment rate, the college wage premium, and the percentage of white collar jobs measured at several points in time and the log cohort size and the percent of the cohort foreign born at age 18. Standard errors in parentheses are clustered by state of birth. ***Significant at 1% based on standard errors clustered by state of birth. Table 3 . *Significant at 10% based on standard errors clustered by state of birth; ***Significant at 1%. Table 3 . *Significant at 10% based on standard errors clustered by state of birth; **Significant at 5%; ***Significant at 1%. 
